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Abstract 

Since the iV*(1535) resonance was found to have large coupling to the strangeness due to its 
possible large ss component, we investigate the possible contribution of the t-channel iV*(1535) 
exchange for the pp —> (fxj) reaction. Our calculation indicates that the new mechanism gives 
very significant contribution for the energies above 2.25 GeV and may be an important source for 
evading the Okubo-Zweig-Iizuka rule in the <j> production from NN annihilation. 

PACS numbers: 13.75.-n, 13.75.Cs, 14.20.Gk, 25.75.Dw 



1 



I. INTRODUCTION 



meson production from NN annihilation has been drawing intensive interest for its 
violation of the Okubo-Zweig-Iizuka (OZI) rule l|-|3|. The usual statement of the OZI rule 
is that diagrams with disconnected quark lines can be negligible compared to those with 
connected quark lines. meson is believed to be an almost pure ss state, while nucleon 
is universally considered to be composed of up and down quarks. Thus according to the 
OZI rule, the reaction that NN annihilate to produce is to be suppressed. However, it is 
known that <fi production evades the OZI rule in various hadronic reactions [4]. The study 
of the reaction is seen as a promising probe into the strangeness information of nucleon or 
nucleon resonances. 

To interpret the substantial OZI rule violations, Lindenbaum [5] and Etkin et al. js] 
pointed out the intervention of glueball resonances, Dover [7l] argued ssnn four quark states 



produce selective enhancements, Kochelev 



took instanton effects into account, Ellis et 



al. js), [lo| inferred considerable admixture of ss components in the nucleon. Also, as OZI- 
forbidden reactions can proceed via two-step hadronic loops in which each individual tran- 
sition is OZI-allowed [U], Lu et al. [12| studied two-meson (KK) intermediate states and 
Mull et al. 3 

investigated antihyperon-hyperon (AA) intermediate states, both of them 
educed compatible theoretical results with the experimental data. 

On the other hand, recently, it has been suggested that the strong couplings of A^*(1535) 
to r]N, 7]'N and KA may indicate a possible significant ss component in the quark wave 
function of A^*(1535) and also a large coupling to (f>N |14j-|l6j]. Xie et al. [l4| deduced 
the significant coupling of A^*(1535) to N<p as g 2 N * (1535)^/4^ = 0.13. With such effective 
A^*(1535)A^0 coupling, the measured n~p — > ncj), pp — >• pp<p and pn — > <pd cross sections are 



well reproduced [14l. Il5|. 



In this article, we extend the model used in Ref. [l^] to study the pp — > <f><j) reaction. The 
scenario is that pp interact with each other by exchanging A^*(1535) in t channel, which has 
not been attempted by others so far. 
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FIG. 1: Feynman diagrams for pp — > <fxj) and r/r/ with t-channel iV*(1535) exchange 



II. FORMALISM AND INGREDIENTS 



The Feynman diagram for the pp — >• 00 reaction is depicted in Fig.l (left). We use the 
effective Lagrangian for iV*(1535)iV0 as 14] 



q 2 



,N* + h.c. 



(1) 



Here A" and N* are the spin wave functions for the nucleon and A"* (1535) resonance, respec- 
tively, and 4>n is the 0-meson field. For the iV*(1535)-iV-0 vertices, the following monopole 
form factor is used: 

W) = ^f4^- (2) 



A 2 -g 2 ' 

Empirically the cut-off parameter A for A^*(1535) should be at least a few hundred MeV 
larger than the N* mass, hence to be in the range of 2 to 4 GeV. 

Then the amplitude and cross section can be obtained straightforwardly by applying the 
Feynman rules to Fig.l (left). 



M- — g 2 N * N<j ,F^(q 2 )v ¥ (p', s') l5 (^ - q -J-)e;(k') , % 75(7" ~ ^K(k)u p (p, s) 

q q — Mn* q z 

+ (exchange term with k ■<->• k'), 
with q = p — k, and 

da 



(3) 



dQ 2567T 2 \p\ (p + p 



(4) 



III. NUMERICAL RESULTS AND DISCUSSION 



Fig.2 shows the theoretical results for the contribution from the t-channel A"* (1535) ex- 
change to the pp — > 00 reaction with various A parameter, compared with the experimental 
data [171 ] . One can see that for the invariant mass s 1 ^ 2 above 2.3 GeV the new mechanism 
alone reproduces the data well with A ~ 3 GeV. 
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FIG. 2: Theoretical results for the contribution from the t-channel A r *(1535) exchange to the 

n 

pp — > 4><p reaction with various A parameter, compared with data [1 71 ] - 



To check whether the new mechanism and its A parameter are reasonable, we also use 
the same approach to study pp — > r\r\ as shown in Fig.l (right). The interaction Lagrangian 
for N*(1535)Nr] coupling is [141 ]: 



AjiViV* (1535) = igN*Nr,NrjN* + h.c, (5) 

with g V NN* (1535)/^ = 0.28 [14J]. The theoretical results for the contribution from the t- 
channel A^*(1535) exchange with A=3 and 3.5 GeV are shown in Fig.3. Compared with 
experimental data [lqj . the contribution is very small. This is consistent with the partial 
wave analysis of Ref. 19( which suggests a large s-channel resonant contribution from ++ , 
2 ++ and 4 ++ meson resonances with masses of 2.0 ~ 2.4 GeV. These meson resonances have 
strong couplings to both pp and 7]7], allowed by the OZI rule. Hence the t-channel A^*(1535) 



exchange only plays a minor role for the pp — > f]f] reaction. 
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'hese meson resonances can 



13], which give a few times 



also decay to (fxj) through strange meson or baryon loops 
smaller rate. Then the t-channel A^*(1535) exchange plays a more important role for the 
pp — > <p<f) reaction. However, while the contribution from the t-channel A^*(1535) exchange 
can reproduce the pp — > cfxp cross sections above 2.3 GeV, it cannot reproduce the peak 
structure around 2.2 GeV. This suggests that the s-channel resonances may still dominates 
here through the strange meson or baryon loops. 
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FIG. 3: Cross sections for pp — > r\r\ with cos# integrated from to 0.85 [18|. The dashed and 
solid curves show the contribution from the t-channel iV*(1535) exchange with A=3 and 3.5 GeV, 
respectively. 



In summary, we have phenomenologically studied the contribution of the t-channel 
iV*(1535) resonance exchange to the pp — > <fxp and 7777 reactions. While it plays only a 
minor role for the pp — > rjrj reaction, it gives a significant contribution to the pp — > cfxp re- 
action, especially for the energies above 2.3 GeV. Below 2.3 GeV, the s-channel resonances 
may still dominates through the strange meson or baryon loops. Before one tries to extract 
any definite information about the strangeness of the proton from this reaction as suggested 
by Ref.jioj], one should take these additional mechanisms into account. 
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